If there exists an asymptotic scaling regime for spinodal decomposition in phase-separating fluids where domain sizes follow L ϳ t n , then, it is argued, the growth exponent n is no larger than 1͞2. [S0031-9007(98)08124-1] PACS numbers: 64.60. Ja, 64.60.My, 64.60.Cn, 81.30.Hd During the late stages of spinodal decomposition, it has often been found that there is dynamical scale invariance [1, 2] , where morphologies at different times can be related by a single characteristic length, the average domain size L. This length grows as a power law in time, i.e., L ϳ t n , where n is the growth exponent. It is thought that a large number of systems can be grouped into a small number of universality classes, characterized by a few common features such as n, and the scaled form of the structure factor. The universality classes themselves are determined by, at least, the presence or absence of conservation laws for the ordering field. There is a strong similarity between these features and critical dynamics, where dynamical scaling occurs near a second-order transition [3] . Here, however, the scaling is very simple. For example, the growth exponents are usually independent of dimension, can be obtained from simple dimensional arguments, and bridge the nominal universality classes of critical dynamics. For scalar order parameters in the absence of hydrodynamic fields, it seems that the presence (giving n 1͞3) or absence ͑n 1͞2͒ of a conservation law is the main feature determining the universality class. While the phenomenology of asymptotic scaling is well understood, much of it is based on the results of experiments or computer simulations, rather than fundamental theory.
The main issue involves the convective nonlinearity in the Navier-Stokes equation. The Reynolds number determines the relative importance of convective to viscous flow: Re ϵ ryᐉ͞h, where h is the shear viscosity, y is the fluid velocity, ᐉ is a characteristic length, and r is the density. If an asymptotic scaling regime exists during phase separation in fluids, both y and ᐉ can be expressed in terms of the same time-dependent length L͑t͒. (The alternative is that there is no asymptotic scaling regime, so that y and ᐉ are not expressed in terms of the same length.) Then [22] Re ϳ t 2n21 .
For large times, however, the fluids phase separate. The Reynolds number cannot diverge, as this would imply turbulent remixing of the fluids when the critical Reynolds number Re cr is reached. Hence
which is the main result of this paper [23, 30] .
Nevertheless, values of n have been reported for spinodal decomposition in phase separating fluids which do not satisfy this bound [31] . Many of these are simply effective exponents describing transient regimes [32] and are not addressed by the bound on the asymptotic exponent. This includes the theoretical result [4] n eff 1 for the tubular necking down of an interconnected structure into droplets. However, one candidate that has been observed in many numerical simulations [17] [18] [19] [20] [21] [22] [23] and proposed as the asymptotic exponent [7] , n 2͞3, clearly violates the bound given above. This situation is reviewed below.
The exponent of 2͞3 is derived from dimensional analysis, which is not rigorous. The argument is as follows: Consider the Navier-Stokes equation, r͑≠ y͞≠t 1 y ? = y͒ 2 =p 1 h= 2 y, where p is the pressure. In a liquid-vapor system, the excess pressure over a curved surface of radius L is s͞L, where s is the surface tension. (Similar arguments can be made for a binary fluid [33] .) The dimensional analysis assumes that scaling occurs and each additive term can be considered independently. For example, comparing the convective nonlinearity ͑r y ? = y ϳ rL͞t 2 ͒ with the thermodynamic force due to pressure ͑=p ϳ s͞L 2 ͒ gives L ϳ ͑s͞r͒ 1͞3 t 2͞3 . Physically, the idea is that the convective flow of the fluid enhances the minimization of interface curvature. However, in accordance with the argument given above, at late enough times, the convective flow would be so strong as to remix the fluid. For example, one does not stir salad dressing to increase the size of oil droplets within water, just the opposite. The time t cr at which this transient regime of n eff 2͞3 ends is no later than the time when the critical Reynolds number is reached. From Eq. (1) this time can be estimated to be t cr ϳ Re 3 cr . The value of Re cr is typically of order 10-100 [34], and is dependent on geometry.
While many numerical simulations have reported evidence for n 2͞3 [17] [18] [19] [20] [21] [22] [23] , it is likely that these simulations have not probed the asymptotic regime. From the capillary mean free path h 2 ͞rs and the size of domains, one can estimate the Reynolds number during the regime where the 2͞3 exponent is seen: Re p Lrs͞h 2 . The maximum Reynolds number reached in simulations [17] [18] [19] [20] [21] [22] is no more than [35] 5-10, so t cr has not been reached. Hence the numerical work does not provide evidence for an asymptotic exponent describing a new universality class, only a transient.
In conclusion, the upper bound on the growth exponent was obtained by assuming an asymptotic scaling regime, in which all lengths scale in the same fashion: Thus, either there is an asymptotic scaling and n # 1͞2 or there is no asymptotic scaling [32] . Further work is necessary to determine the nature of asymptotic growth and scaling in the spinodal decomposition of fluids. 
